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(57)  There is provided a shift clock generator for
phase-shifting a shift clock by inserting insertion pulses
into the shift clock, wherein an insertion pulse generating
section has a compensation memory for storing compen-
sation data for calculating a number of insertion pulses
to be inserted into the shift clock with respect to a phase
difference preset value based on a phase shift amount,

SHIFT CLOCK GENERATION DEVICE, TIMING GENERATOR, AND TEST DEVICE

anumber-of-pulses calculating section for integrating the
compensation data stored in an address range of the
compensation memory to calculate a number-of-inser-
tion pulses data based on the phase difference preset
value and a pulse generating section for generating the
insertion pulses based on the number-of-insertion pulses
data.
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Description
TECHNOLOGICAL FIELD

[0001] The present invention relates to a shift clock
generator for generating a shift clock, a timing generator
for generating predetermined timing and a test apparatus
for testing electronic devices. For designated states in
which incorporation by reference is admitted, the con-
tents described in the following application will be incor-
porated in the present application as part of description
of the present application.

[0002] Japanese Patent Application
2003-275267, applied on July 16, 2003.

No.

BACKGROUND ART

[0003] Conventionally, a test apparatus for testing
electronic devices such as a semiconductor deviceiis pro-
vided with a timing generator for generating predeter-
mined timing. For example, the test apparatus supplies
a test pattern to the electronic device with the timing gen-
erated by the timing generator. The timing generator gen-
erates the predetermined timing by receiving a reference
clock and by delaying the reference clock by a predeter-
mined time.

[0004] Thetiming generator has avariable delay circuit
section for receiving the reference clock and for delaying
the reference clock by the predetermined time and a lin-
earize memory for controlling a value of delay in the var-
iable delay circuit section for example. The variable delay
circuit section has a plurality of delay elements in general.
The linearize memory stores a delay preset value corre-
sponding to linearization of the predetermined value of
delay in the variable delay circuit section. Based on the
data stored in the linearize memory, the variable delay
circuit section delays the reference clock by passing the
reference clock through a route of predetermined delay
elements. Although the data stored in the linearize mem-
ory is setin advance by design information of the plurality
of delay elements, an error occurs between the value of
delay in the variable delay circuit section and the delay
preset value which is the predetermined value of delay
due to dispersion in manufacturing the plurality of delay
elements and to ambient temperature in using the delay
elements for example.

[0005] Conventionally, in order to compensate the er-
ror, a shift clock having a phase which is different from
the reference clock by a predetermined value is gener-
ated and the shift clock is outputted to the outside to
measure a compensation value of the value of delay of
the shift clock by using a measuring instrument and to
linearize the value of delay. The shift clock is compared
with the output of the variable delay circuit section to de-
tect the error of the value of delay and to select the data
to be stored in the linearize memory based on the error.
[0006] Presently, the present applicant is unaware of
related patent documents, so that description thereof will
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be omitted here.
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] Conventionally, in order to generate the shift
clock having the predetermined phase difference from
the reference clock, pulses are inputted to the shift clock
to phase-shift the shift clock by a method as described
later in connection with Figs. 3 and 4. Conventionally,
the shift clock is phase-shifted by counting pulses of the
shift clock and by inserting insertion pulses per predeter-
mined count. However, there is a case when the phase
shift amount of the shift clock does not change linearly
with respect to the number of insertion pulses and this
method causes an error in the phase shift amount of the
shift clock when the phase shift amount of the shift clock
does not change linearly with respect to the number of
insertion pulses.

[0008] There is also a method of using a memory for
storing a number of pulses to be inserted per predeter-
mined phase shiftamountin order to eliminate such error.
However, in order to accurately measure the value of
delay in the variable delay circuit section, resolution of
the phase shift amount must be increased and a memory
having a wide range of addresses is required. Still more,
the number of pulses to be inserted must be stored in
each address. Because the number of pulses to be in-
serted is normally around one to several thousands and
such memory must have several tens bits in each ad-
dress, a memory having a large capacity is required.

MEANS FOR SOLVING THE INVENTION

[0009] In order to solve the above-mentioned prob-
lems, according to a first aspect of the invention, there
is provided a shift clock generator for generating a shift
clock having a phase difference equal to a phase differ-
ence preset value set in advance from a reference clock,
having a clock generating section for generating the shift
clock, an insertion pulse generating section for generat-
ing insertion pulses to be inserted into the shift clock
based on the phase difference preset value, a pulse in-
serting section for inserting the insertion pulses into the
shift clock generated by the clock generating section and
a period control section for controlling period of the shift
clock generated by the clock generating section based
on a difference between a sum of time during which the
reference clock presents a predetermined logical value
within a predetermined time and a sum of time during
which the shift clock presents a predetermined logical
value within the predetermined time, wherein the inser-
tion pulse generating section has a compensation mem-
ory for storing compensation data for calculating a
number of insertion pulses to be inserted into the shift
clock with respect to the phase difference preset value,
anumber-of-pulses calculating section for integrating the
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compensation data stored in an address range of the
compensation memory to calculate number-of-insertion
pulses data based on the phase difference preset value
and a pulse generating section for generating the inser-
tion pulses based on the number-of-insertion pulses da-
ta.

[0010] The compensation memory may store the com-
pensation data presenting a predetermined integer in
each address.

[0011] The pulse calculating section has an address
control section for sequentially generating address point-
er signals specifying addresses of the compensation
memory in which the compensation data is stored based
on the phase difference preset value and an integrating
section for integrating the compensation data outputted
from the compensation memory based on the address
pointer signal.

[0012] The address control section may include a first
adder for feeding the address pointer signal to the com-
pensation memory and a first storage section for storing
the address pointer signal outputted from the first adder
and may receive a first control signal based on the phase
difference preset value and a second control signal
based on a predetermined clock signal. The first storage
section may sequentially feed the stored address pointer
signals to the first adder corresponding to changes of
value of the second control signal when the first control
signal presents a predetermined value, and the first
adder may generate a signal in which a predetermined
value is added to the address pointer signal received
from the first storage section as a new address pointer
signal and may feed the newly generated address pointer
signal to the compensation memory and the first storage
section.

[0013] The predetermined clock signalis the reference
clock or the shift clock. The integrating section may in-
clude a second adder for receiving the compensation da-
ta sequentially outputted from the compensation memory
to output integrated data in which the compensation data
is integrated and a second storage section for storing the
integrated data outputted from the second adder, where-
in the second storage section may feed the stored inte-
grated data to the second adder corresponding to chang-
es of value of the second control signal when the first
control signal presents a predetermined value and the
second adder may add the new compensation data out-
putted from the compensation memory corresponding to
the new address pointer signal to the integrated data re-
ceived from the second storage section and outputs it as
the new integrated data.

[0014] The first storage section may be a flip-flop that
receives the address pointer signal from the first adder,
outputs the address pointer signal received from the first
adder to the first adder by being triggered by the second
control signal and receives the first control signal as an
enable signal for controlling the operation of the first stor-
age section, and the second storage section may be a
flip-flop that receives AND of the first control signal and
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the integrated data outputted from the second adder and
outputs AND of the first control signal and the integrated
data outputted from the second adder to the second
adder by being triggered by the second control signal.
[0015] According to a second aspect of the invention,
there is provided a timing generator for generating pre-
determined timing, having a variable delay circuit section
forreceiving areference clock and delaying the reference
clock based on a predetermined delay preset value to
output as the predetermined timing, a shift clock gener-
ator for generating a shift clock having a phase difference
equal to a phase difference preset value based on the
delay preset value from the reference clock and a com-
paring section for comparing the reference clock delayed
by the variable delay circuit section with a phase of the
shift clock to regulate the value of delay in the variable
delay circuit section based on the comparison result. The
shift clock generator has a clock generating section for
generating the shift clock, an insertion pulse generating
section for generating insertion pulses to be inserted into
the shift clock based on the phase difference preset val-
ue, a pulse inserting section for inserting the insertion
pulses into the shift clock generated by the clock gener-
ating section and a period control section for controlling
period of the shift clock generated by the clock generating
section based on a difference between a sum of time
during which the reference clock presents a predeter-
mined logical value within a predetermined time and a
sum of time during which the shift clock presents a pre-
determined logical value within the predetermined time.
The insertion pulse generating section may include a
compensation memory for storing compensation data for
calculating a number of insertion pulses to be inserted
into the shift clock with respect to the phase difference
preset value, a number-of-pulses calculating section for
integrating the compensation data stored in an address
range of the compensation memory to calculate number-
of-insertion pulses data based on the phase difference
preset value and a pulse generating section for generat-
ing the insertion pulses based on the number-of-insertion
pulses data.

[0016] According to a third aspect of the invention,
there is provided a test apparatus for testing an electronic
device, having a pattern generating section for generat-
ing a test pattern for testing the electronic device, a timing
generator for generating predetermined timing, a wave-
form shaping section for shaping the test pattern to feed
the test pattern shaped based on the predetermined tim-
ing to the electronic device and a judging section for judg-
ing whether or not the electronic device is defect-free
based on an output signal outputted from the electronic
device based on the test pattern. The timing generator
may include a variable delay circuit section for receiving
areference clock and delaying the reference clock based
on a predetermined delay preset value to output as the
predetermined timing, a shift clock generator for gener-
ating a shift clock having a phase difference equal to a
phase difference preset value based on the delay preset
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value from the reference clock and a comparing section
for comparing the reference clock delayed by the variable
delay circuit section with a phase of the shift clock to
regulate the value of delay in the variable delay circuit
section based on the comparison result. The shift clock
generator may have a clock generating section for gen-
erating the shift clock, an insertion pulse generating sec-
tion for generating insertion pulses to be inserted into the
shift clock based on the phase difference preset value,
a pulse inserting section for inserting the insertion pulses
into the shift clock generated by the clock generating sec-
tion and a period control section for controlling period of
the shift clock generated by the clock generating section
based on a difference between a sum of time during
which the reference clock presents a predetermined log-
ical value within a predetermined time and a sum of time
during which the shift clock presents a predetermined
logical value within the predetermined time, wherein the
insertion pulse generating section may include a com-
pensation memory for storing compensation data for cal-
culating a number of insertion pulses to be inserted into
the shift clock with respect to the phase difference preset
value, a number-of-pulses calculating section for inte-
grating the compensation data stored in an address
range of the compensation memory to calculate number-
of-insertion pulses data based on the phase difference
preset value and a pulse generating section for generat-
ing the insertion pulses based on the number-of-insertion
pulses data.

[0017] It is noted that the summary of the invention
described above does not necessarily describe all nec-
essary features of the invention. The invention may also
be a sub-combination of the features described above.

EFFECT OF THE INVENTION

[0018] Thus, the invention allows a memory capacity
to be reduced and the shift clock whose phase shift
amount is accurately controlled to be generated. Still
more, the timing generator can generate the predeter-
mined timing accurately because the value of delay of
the variable delay circuit section may be regulated based
on the accurate shift clock. Furthermore, because the
test apparatus carries out a test of electronic devices by
using the accurate and predetermined timing, it can ac-
curately test the electronic devices.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is a diagram showing one exemplary config-
uration of a test apparatus of the invention.

Fig. 2 is a diagram showing one exemplary config-
uration of a timing generating section.

Fig. 3 is a diagram showing one exemplary config-
uration of a shift clock generator.

Fig. 4 is a timing chart showing one exemplary op-
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eration of the shift clock generator.

Fig. 5 is a diagram showing one exemplary config-
uration of an insertion pulse generating section.
Fig. 6 is a table showing one exemplary compensa-
tion data stored in a compensation memory.

Fig. 7 is a graph showing one exemplary relationship
between a number of insertion pulses and a phase
shift amount of a shift clock.

BEST MODE FOR CARRYING OUT THE INVENTION

[0020] The invention will now be described based on
preferred embodiments, which do not intend to limit the
scope of the invention, but exemplify the invention. All of
the features and the combinations thereof described in
the embodiments are not necessarily essential to the in-
vention.

[0021] Fig. 1isadiagram showing one exemplary con-
figuration of a test apparatus 100 of the invention. The
test apparatus 100 has a pattern generating section 10,
a waveform shaping section 20, a timing generator 50
and a judging section 40. The pattern generating section
10 generates a test pattern for testing an electronic de-
vice and feeds it to the waveform shaping section 20.
[0022] The timing generator 50 generates predeter-
mined timing. The timing generator 50 has a variable
delay circuit section for example. In this example, the
timing generator 50 receives a reference clock, delays
the received reference clock by predetermined time by
the variable delay circuit section and feeds it to the wave-
form shaping section 20 as the predetermined timing.
[0023] The waveform shaping section 20 shapes the
received test pattern and feeds the shaped test pattern
to the electronic device 30. The waveform shaping sec-
tion 20 may feed the test pattern to the electronic device
30 with the predetermined timing for example. In this ex-
ample, the waveform shaping section 20 feeds the test
pattern to the electronic device 30 corresponding to the
timing received from the timing generator 50.

[0024] The judging section 40 judges whether or not
the electronic device 30 is defect-free based on an output
signal outputted from the electronic device 30 based on
the test pattern. The judging section 40 may judge wheth-
er or not the electronic device 30 is defect-free by com-
paring a signal of an expected value to be outputted from
the electronic device 30 based on the test pattern with
the output signal outputted from the electronic device 30
for example. In this case, the pattern generating section
10 may generate the expected value signal based on the
generated test pattern and may feed it to the judging sec-
tion 40.

[0025] Fig. 2is adiagram showing one exemplary con-
figuration of the timing generator 50. The timing gener-
ator 50 has the variable delay circuit section 52, a shift
clock generator 60, a linearize memory 56 and a com-
paring section 54. The variable delay circuit section 52
receives the reference clock, delays the received refer-
ence clock based on the predetermined delay preset val-
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ue and outputs it as the predetermined timing.

[0026] The variable delay circuit section 52 may have
a plurality of delay elements for example. In this case,
the variable delay circuit section 52 has a plurality of
switches, provided corresponding to each of the plurality
of delay elements, for selecting whether or not the re-
ceived reference clock should be passed through the cor-
responding delay element. The linearize memory 56
stores data for controlling the switches of the variable
delay circuit section 52 corresponding to each of the pre-
determined delay preset values. The variable delay cir-
cuit section 52 of this case controls each of the plurality
of switches based on data corresponding to the prede-
termined delay preset value among the data stored in
the linearize memory 56 to delay the reference clock by
the predetermined delay time. For example, the linearize
memory 56 may receive the delay preset value indicating
a value of delay to be delayed in the variable delay circuit
section 52 and may output the data corresponding to that
delay preset value. Then, the variable delay circuit sec-
tion 52 may control the plurality of switches based on the
data outputted from the linearize memory 56.

[0027] The shift clock generator 60 receives the refer-
ence clock and generates a shift clock having a phase
which is different from that of the received reference clock
by a predetermined value. In this case, the shift clock
generator 60 may generate the shift clock having the
phase which is different from that of the reference clock
by the predetermined value based on the delay preset
value of the variable delay circuit section 52. For exam-
ple, the shift clock generator 60 may generate such a
shift clock by which the value of delay of the reference
clock in the variable delay circuit section 52 matches with
the phase difference of the shift clock from the reference
clock.

[0028] The comparing section 54 compares the refer-
ence clock delayed by the variable delay circuit section
52 with the phase of the shift clock. The comparing sec-
tion 54 may also regulate the value of delay in the variable
delay circuit section 52 based on the comparison result.
For example, the delay preset value of the variable delay
circuit section 52 may be updated so that the reference
clock delayed by the variable delay circuit section 52
matches with the phase of the shift clock. It is preferable
to update the delay preset value per predetermined pe-
riod of time.

[0029] Fig. 3is adiagram showing one exemplary con-
figuration of the shift clock generator 60. The shift clock
generator 60 has a clock generating section 74, an in-
sertion pulse generating section 80, a pulse inserting sec-
tion 70, a phase detector 66, a period control section 62
and a DLL (Delay Lock loop) 68.

[0030] The clock generating section 74 generates the
shift clock. The clock generating section 74 may have a
ring oscillator 72 and a frequency divider 64b forexample.
The ring oscillator 72 generates a clock having a prede-
termined period. The ring oscillator 72 has a plurality of
inverters and can control the period of the clock gener-
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ated by the ring oscillator 72 by controlling voltage fed to
the inverters. The frequency divider 64b divides the clock
generated by the ring oscillator 72 into a frequency of
one-predetermined integer-th and outputs it as the shift
clock.

[0031] The phase detector 66 receives the shift clock
and the reference clock and outputs signals PDOUTA
and PDOUTB based on the shift clock and the reference
clock to the DLL 68 as the reference clock and the shift
clock. In this case, the phase detector 66 receives the
shift clock generated by the clock generator and the ref-
erence clock divided by the frequency divider 64b. The
frequency divider 64a and the frequency divider 64b may
have the same function. In this example, the phase de-
tector 66 outputs AND of the reference clock and the shift
clock as the PDOUTA. The phase detector 66 also out-
puts a signal that presents logic H from a rising edge of
waveform of the shift clock to a rising edge of waveform
the shift clock as the PDOUTB.

[0032] The DLL 68 detects a difference between asum
of time during which the reference clock presents a pre-
determined logical value within a predetermined time and
a sum of time during which the shift clock presents a
predetermined logical value within the predetermined
time. In this example, the DLL 68 detects a difference
between a sum of time during which the PDOUTA
presents the logic H within the predetermined time and
a sum of time during which the shift clock presents the
logic H within the predetermined time. Still more, the pre-
determined time may be an integer time of the period of
the divided reference clock or may be an integer time of
the period of the shift clock in this example.

[0033] The period control section 62 controls the peri-
od of the shift clock generated by the clock generating
section 74 based on the sum of time detected by the DLL
68. When the clock generating section 74 has the ring
oscillator 72, the period control section 62 may control
the period of the shift clock generated by the clock gen-
erating section 74 by controlling voltage fed to the invert-
ers of the ring oscillator 72.

[0034] The period control section 62 may have a volt-
age source for feeding the voltage to the inverters of the
ring oscillator 72. In an initial state, the voltage source
feeds initial voltage to the inverters of the ring oscillator
72. When the sum of time during which the PDOUTA
presents the logic H is longer than the sum of time during
which the PDOUTB presents the logic H, the period con-
trol section 62 increases the voltage fed from the voltage
source to the inverters more than the initial voltage only
by the predetermined time and after an elapse of the
predetermined time, returns the voltage fed by the volt-
age source to the inverters to the initial voltage. In this
case, the period of the clock generated by the ring oscil-
lator 72 is shortened during the predetermined time and
the period is returned to the original period after the
elapse of the predetermined time. Then, the phase of the
clock may be shifted in a direction in which a time axis
is smaller by shortening the period of the clock generated
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by the ring oscillator 72.

[0035] When the sum of time during the PDOUTA
presents logic H is smaller than the sum of time during
which the PDOUTB presents logic H, the period control
section 62 lowers the voltage fed from the voltage source
to the inverters than the initial voltage by the predeter-
mined time and after the elapse of the predetermined
time, returns the voltage fed from the voltage source to
the inverters to the initial voltage. In this case, the period
of the clock generated by the ring oscillator 72 is pro-
longed during the predetermined time and after the
elapse of the predetermined time, the period returns to
the original period. The phase of the clock may be shifted
in a direction in which the time axis is larger by prolonging
the period of the clock generated by the ring oscillator 72
only by the predetermined time.

[0036] The shift clock having the predetermined phase
difference from the reference clock may be generated by
repeating the operations described above. The shift clock
generator 60 of this example generates the shift clock
having the phase which is different from that of the ref-
erence clock by a predetermined value by inserting the
insertion pulses into the shift clock having the predeter-
mined phase difference and by repeating the operations
described above.

[0037] The insertion pulse generating section 80 gen-
erates the insertion pulses to be inserted into the shift
clock based on the phase difference preset value pre-
senting the phase difference by which the shift clock gen-
erated by the clock generating section 74 is to be shifted.
In this example, the insertion pulse generating section
80 generates the insertion pulses of a number based on
the phase difference preset value. The pulse inserting
section 70 inserts the insertion pulses generated by the
insertion pulse generating section 80 into the shift clock
generated by the clock generating section 74. The pulse
inserting section 70 may be an OR circuit that outputs
OR of the shift clock and the insertion pulse.

[0038] Fig. 4 is a timing chart showing one exemplary
operation of the shift clock generator 60. In Fig. 4, an axis
of abscissarepresents time, a REFCLK stage represents
the reference clock outputted from the frequency divider
64a, SCLK1, SCLK2 and SCLK3 stages represent the
shift clocks generated by the clock generating section 74
(see Fig. 3), PDOUTA1 and PDOUTB2 stages represent
PDOUTA outputted from the phase detector 66 (see Fig.
3), PDOUTB1 and PDOUTB stages represent the PD-
OUTB outputted from the phase detector 66 and a PD-
OUTB + INSERT stage represents PDOUTB into which
the insertion pulses outputted from the pulse inserting
section 70 are inserted.

[0039] In this example, the REFCLK and SCLK1 stag-
es show the initial state of the reference clock and shift
clock, respectively. Receiving the reference clock and
the shift clock, the phase detector 66 outputs the PD-
OUTA and PDOUTB shown in the PDOUTA1 and
PDOUTB1 stages. The phase detector 66 outputs AND
of the reference clock and the shift clock as PDOUTA as
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described above (PDOUTAM1). The phase detector 66 al-
so outputs logic H from the rising edge of the shift clock
to the rising edge of the reference clock as the PDOUTB
(PDOUTB1).

[0040] The DLL 68 compares the sum of time during
which the PDOUTA1 presents logic H within the prede-
termined time with the sum of time during which the
PDOUTB1 presents logic H within the predetermined
time as described above. The predetermined time may
be a time of integer times of the reference clock outputted
from the frequency divider 64a. The period control sec-
tion 62 regulates the period of the clock generated by the
ring oscillator 72 based on the difference of sums during
which the PDOUTA1 and PDOUTB1 present logic H. Be-
cause the sum of time during which the PDOUTA1
presents logic H is longer than the sum of time during
which the PDOUTB1 presents logic H in this case, the
period control section 62 shortens the period of the clock
generated by the ring oscillator 72 only by the predeter-
mined time. The predetermined time may be a time of
one period of the shift clock outputted from the frequency
divider 64b. In this case, the period of the shift clock is
shortened only one cycle and the period returns to the
original period on and after the second cycle. Therefore,
the phase of the shift clock on after the second cycle may
be shifted. Repeating such operations stabilizes the shift
clock so as to have a phase having a predetermined
phase difference from the reference clock. One example
of the shift clock in the stable state is shown on and after
the second cycle of the SCLK2 stage.

[0041] The PDOUTA and PDOUTB in the stable state
are shown on and after the second cycle ofthe PDOUTA2
and PDOUTB2 stages. The sum of time during which the
PDOUTAZ presents logic H and the sum of time during
which the PDOUTB presents logic H is almost equal.
[0042] Next, the PDOUTB + INSERT stage presents
a signal in which the insertion pulses generated by the
insertion pulse generating section 80 are inserted into
the PDOUTB in the stable state. Pulses indicated by bro-
ken lines are insertion pulses. There arises a difference
between the sum of time during which the PDOUTA
presents logic H and the sum of time during which the
PDOUTB presents logic H by inserting the insertion puls-
es and the period control section 62 shifts the phase of
the shift clock so as to eliminate the difference.
TheSCLKS3 stage presents the phase-shifted shift clock.
The shift clock having the predetermined phase differ-
ence from the reference clock may be readily generated
by controlling a number of pulses and pulse length of the
insertion pulses inserted into the PDOUTB.

[0043] Fig.5is adiagram showing one exemplary con-
figuration of aninsertion pulse generating section 80. The
insertion pulse generating section 80 has a compensa-
tion memory 96, a number-of-pulses counting section
102 and a pulse generating section 98. The compensa-
tion memory 96 stores compensation data for calculating
the number of insertion pulses to be inserted into the shift
clock with respect to the phase difference preset value.
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The compensation memory 96 may store the compen-
sation data presenting a predetermined integer in each
address. In this example, the compensation memory 96
stores the compensation data of two bits in each address.
For example, the compensation memory 96 stores the
data presenting either one of 0, 1 and 2 in each address.
[0044] The number-of-pulses counting section 102
calculates data on a number of insertion pulses by inte-
grating the compensation data stored in the address
range of the compensation memory 96 based on the
phase difference preset value. The number-of-pulses
counting section 102 receives a first control signal based
on the phase difference preset value and a second con-
trol signal based on the predetermined clock signal and
integrates the compensation data stored in the address
range of the compensation memory 96 based on the first
and second control signals. In this example, the second
control signal may be either one of the reference clock,
the reference clock divided by the frequency divider 64a,
the clock generated by the ring oscillator 72 and the shift
clock. Still more, the first control signal may be a signal
that presents logic H only during a time based on the
phase difference preset value in this example. For ex-
ample, when the shift clock is to be phase-shifted by 10
ps (pico-seconds) and when a theoretical value of a
number of insertion pulses to be inserted is 10, the first
control signal may be a signal that presents logic H only
during 10 periods of the second control signal.

[0045] The pulse generating section 98 generates the
insertion pulses based on the data on the number of in-
sertion pulses calculated by the number-of-pulses count-
ing section 102. The pulse generating section 98 gener-
ates anumber of pulses based on the data on the number
of insertion pulses at desired time intervals and feeds the
insertion pulses thus generated to the pulse inserting
section 70. When the pulse inserting section 70 outputs
OR of the shift clock and the insertion pulse, preferably
the pulse generating section 98 generates insertion puls-
es whose logic H region does not overlap with the logic
H region of the shift clock. Still more, preferably the pulse
generating section 98 generates insertion pulses that are
inserted almost evenly between each pulse of the PD-
OUTB outputted from the phase detector 66 as the shift
clock. Because the pulse generating section 98 gener-
ates the insertion pulses that are inserted almost evenly
between each pulse of the PDOUTB, the shift clock gen-
erator 60 can almost equalize exothermic value caused
by the shift clock into which the insertion pulses are in-
serted per unit time.

[0046] In this example, the number-of-pulses counting
section 102 has an address control section 82 and an
integrating section 88. The address control section 82
sequentially generates address pointer signals pointing
addresses in the compensation memory 96 in which the
compensation data is being stored based on the phase
difference preset value.

[0047] The address control section 82 may have a first
adder 86 and a first storage section 84 as shown in Fig.
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5. The first adder 86 feeds the address pointer signals
to the compensation memory 96. The first storage section
84 stores the address pointer signals outputted from the
first adder 86. The address control section 82 also re-
ceives the first and second control signals described
above. When the first control signal presents a predeter-
mined value, the first storage section 84 feeds the stored
address pointer signals sequentially to the first adder 86
corresponding to changes of the value of the second con-
trol signal. In this example, when the first control signal
presents logic H, the first storage section 84 feeds the
stored address pointer signals sequentially to the first
adder 86 corresponding to a rising edge of the waveform
of the second control signal. For example, the first stor-
age section 84 may be a flip-flop that receives the ad-
dress pointer signal from the first adder 86, outputs the
address pointer signal received from the first adder 86
to the first adder 86 by being triggered by the second
control signal and receives the first control signal as an
enable signal for controlling the operation of the first stor-
age section 84. The address pointer signal specifying an
address 0 is stored in the flip-flop as an initial value.
[0048] The first adder 86 generates a signal in which
a predetermined value is added to the address pointer
signal received from the first storage section 84 as a new
address pointer signal and feeds the newly generated
address pointer signal to the compensation memory 96
and the first storage section 84. In this example, the first
adder 86 adds 1 as the predetermined value to the ad-
dress pointer signal. The address control section 82
feeds the address pointer signal that increases by one
each from a predetermined address sequentially to the
compensation memory 96 based on the second control
signal in this example.

[0049] In this example, the first storage section 84
feeds the stored address pointer signal to the first adder
86 per rising edge of the waveform of the second control
signal during the period of time when the first control sig-
nal presents logic H. The first adder 86 adds 1 to the
received address pointer signal and feeds it to the com-
pensation memory 96. The compensation memory 96
feeds the compensation datain the address range based
on the phase difference preset value from the predeter-
mined address sequentially to the integrating section 88.
Although the address control section 82 of this example
has the first storage section 84 and the first adder 86,
the address control section 82 may have a counter for
counting rising or falling edges of the waveform of the
second control signal to output a counted number in an-
other example. In this case, the counter receives the first
control signal as an enable signal for controlling the op-
eration of the counter.

[0050] The compensation memory 96 feeds the com-
pensation data stored in the addresses corresponding to
the address pointer signals sequentially received from
the address control section 82 sequentially to the inte-
grating section 88. The integrating section 88 integrates
the compensation data outputted sequentially out of the
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compensation memory 96 based on the address pointer
signals. In this example, the integrating section 88 has a
second adder 94 and a second storage section 92. The
second adder 94 receives the compensation data se-
quentially outputted from the compensation memory 96
and outputs integrated data obtained by integrating the
compensation data.

[0051] The second storage section 92 stores the inte-
grated data outputted from the second adder 94. When
the first control signal presents a predetermined value,
the second storage section 92 feeds the stored integrated
data to the second adder 94 corresponding to changes
of the value of the second control signal. The integrating
section 88 may further include an AND circuit 90 that
outputs AND of the first control signal and the integrated
data outputted from the second adder 94. The second
storage section 92 may be a flip-flop that receives AND
ofthe first control signal and the integrated data outputted
from the second adder 94 from the AND circuit 90 and
that outputs AND of the first control signal and the inte-
grated data outputted from the second adder 94 to the
second adder 94 by being triggered by the second control
signal. In this example, the first storage section 84 and
the second storage section 92 operate in synchronism.
[0052] The second adder 94 adds new compensation
data outputted from the compensation memory 96 cor-
responding to a new address pointer signal to the inte-
grated data received from the second storage section 92
and outputs it as new integrated data to the AND circuit
90 and the pulse generating section 98. The number-of-
pulses counting section 102 explained in this example
allows the compensation data stored in the address
range of the compensation memory 96 corresponding to
the phase difference preset value to be integrated and
to be fed to the pulse generating section 98.

[0053] Fig. 6 is a table showing one exemplary com-
pensation data stored in the compensation memory 96.
The compensation memory 96 stores the compensation
data that presents a predetermined integer per address.
In this example, the compensation memory 96 stores the
compensation datathatpresents 0, 1 or2. The integrating
section 88 (see Fig. 5) integrates the compensation data
in the address range based on the phase difference pre-
set value.

[0054] Fig. 7 is a graph showing one exemplary rela-
tionship between a number of insertion pulses and a
phase shift amount of a shift clock. In Fig. 7, an axis of
abscissa represents the numbers of insertion pulses and
an axis of ordinate represents the values of phase shift.
In Fig. 7, an ideal shift amount represented by a broken
line indicates a value of shift by which the shift clock is
to be shifted with respect to a number-of-insertion-pulses
preset value, an actual value of shift represented by an-
other broken line indicates a value of shift by which the
shift clock is actually shifted with respect to the number
of insertion pulses preset value and a compensated shift
amount represented by a solid line indicates a value of
shift by which the value of shift of the shift clock is com-
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pensated by compensating the number of insertion puls-
es.

[0055] The shift clock generator 60 of the present em-
bodiment shifts the shift clock by predetermined phase
by controlling the number of insertion pulses to be insert-
ed into the shift clock. The number of insertion pulses is
controlled by the compensation data stored in the com-
pensation memory 96. In the present embodiment, the
compensation memory 96 stores the compensation data
shown in Fig. 6. When the compensation memory 96
stores the compensation data shown in Fig. 6, the inte-
grating section 88 (see Fig. 5) sequentially outputs inte-
grated data shown in Fig. 7 as the integrated data.
[0056] When the shift clock is to be phase-shifted by
7 ps, an ideal value of the number of insertion pulses to
be inserted is supposed to be 7 as shown in Fig. 7 for
example. However, because the actual value of shift has
an error as against the ideal shift amount as shown in
Fig. 7, the value of shift becomes erroneous when 7 puls-
es of insertion pulse are inserted into the shift clock.
Therefore, the insertion pulse generating section 80 (see
Fig. 3) of the invention stores the compensation data for
compensating the error in the compensation memory 96.
Because the insertion pulse generating section 80 of the
invention calculates the integrated data per number of
insertion pulses to be inserted corresponding to the
phase difference preset value to compensate the number
of insertion pulses, the phase shift amount of the shift
clock may be accurately controlled even when the actual
value of shift does not change linearly as shown in Fig. 7.
[0057] Still more, each of the integrated data may be
stored in each address of the compensation memory 96
and the pulse generating section 98 may generate the
insertion pulses based on the integrated data stored in
the compensation memory 96. However, when the
number-of-insertion pulses preset value takes one to
several thousands ranges for example, the integrated
datato each number of insertion pulses preset value must
be stored in each address in the compensation memory
96 and the compensation memory 96 must store the in-
tegrated data of ten-odd bits in each address range of
one to several thousands. The insertion pulse generating
section 80 explained in connection with Figs. 5 through
7 only requires the compensation memory 96 to store
the compensation data of several bits in each of one to
several thousands address ranges. For example, as ex-
plained in connection with Fig. 6, the compensation mem-
ory 96 is only required to store the compensation data of
2 bits in each address in storing the compensation data
of 0, 1 or 2. Therefore, the insertion pulse generating
section 80 as explained in connection with Figs. 5 through
7 allows the number of memory bits of the compensation
memory 96 to be remarkably reduced.

[0058] Although the invention has been described by
way of the exemplary embodiments, it should be under-
stood that those skilled in the art might make many
changes and substitutions without departing from the
spirit and scope of the invention.
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[0059] Itis obvious from the definition of the appended
claims that the embodiments with such modifications also
belong to the scope of the invention.

INDUSTRIAL APPLICABILITY

[0060] Asitis apparentfrom the above description, the
invention allows a memory capacity to be reduced and
the shift clock whose phase shift amount is accurately
controlled to be generated. Still more, the timing gener-
ator can generate the predetermined timing accurately
because the value of delay of the variable delay circuit
section may be regulated based on the accurate shift
clock. Furthermore, because the test apparatus can carry
out the test of the electronic device by using the accurate
and predetermined timing, it can accurately test the elec-
tronic devices.

Claims

1. A shift clock generator for generating a shift clock
having a phase which is different from that of a ref-
erence clock by a predetermined value, comprising:

a clock generating section for generating said
shift clock;

an insertion pulse generating section for gener-
ating insertion pulses to be inserted into said
shift clock based on said phase difference preset
value;

a pulse inserting section for inserting said inser-
tion pulses into said shift clock generated by said
clock generating section; and

a period control section for controlling periods
of said shift clock generated by said clock gen-
erating section based on a difference between
a sum of time during which said reference clock
presents a predetermined logical value within a
predetermined time and a sum of time during
which said shift clock presents a predetermined
logical value within said predetermined time;
wherein

said insertion pulse generating section compris-
es:

a compensation memory for storing com-
pensation data for calculating a number of
insertion pulses to be inserted into said shift
clock with respect to said phase difference
preset value;

a number-of-pulses calculating section for
integrating said compensation data stored
in an address range of said compensation
memory to calculate number-of-insertion
pulses data based on said phase difference
preset value; and

a pulse generating section for generating
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said insertion pulses based on said number-
of-insertion pulses data.

The shift clock generator as set forth in Claim 1,
wherein said compensation memory stores said
compensation data presenting a predetermined in-
teger in each address.

The shift clock generator as set forth in Claim 1 or
2, wherein said number-of-pulses calculating section
has an address control section for sequentially gen-
erating address pointer signals specifying addresses
of said compensation memory in which said com-
pensation data is stored based on said phase differ-
ence preset value; and

an integrating section for integrating said compen-
sation data outputted from said compensation mem-
ory based on said address pointer signals.

The shift clock generator as set forth in Claim 3,
wherein said address control section includes a first
adder for feeding said address pointer signals to said
compensation memory and a first storage section
for storing said address pointer signals outputted
from said first adder; and receives a first control sig-
nal based on said phase difference preset value and
a second control signal based on a predetermined
clock signal; wherein

said first storage section sequentially feeds said
stored address pointer signals to said first adder cor-
responding to changes of value of said second con-
trol signal when said first control signal presents a
predetermined value; and

said first adder generates a signal in which a prede-
termined value is added to said address pointer sig-
nal received from said first storage section as a new
address pointer signal and feeds said newly gener-
ated address pointer signal to said compensation
memory and said first storage section.

The shift clock generator as set forth in Claim 4,
wherein said predetermined clock signal is said ref-
erence clock or said shift clock.

The shift clock generator as set forth in Claim 5,
wherein said integrating section includes a second
adder for receiving said compensation data sequen-
tially outputted from said compensation memory to
output integrated data in which said compensation
data is integrated and a second storage section for
storing said integrated data outputted from said sec-
ond adder; wherein

said second storage section feeds said stored inte-
grated data to said second adder corresponding to
changes of value of said second control signal when
said first control signal presents a predetermined val-
ue; and

said second adder adds said new compensation da-
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ta outputted from said compensation memory corre-
sponding to said new address pointer signal to said
integrated data received from said second storage
section and outputs it as said new integrated data.

The shift clock generator as set forth in Claim 6,
wherein said first storage section is a flip-flop that
receives said address pointer signal from said first
adder, outputs said address pointer signal received
from said first adder to said first adder by being trig-
gered by said second control signal and receives
said first control signal as an enable signal for con-
trolling the operation of said first storage section; and
said second storage section is a flip-flop that re-
ceives AND of said first control signal and said inte-
grated data outputted from said second adder and
outputs AND of said first control signal and said in-
tegrated data outputted from said second adder to
said second adder by being triggered by said second
control signal.

Atiming generatorfor generating predetermined tim-
ing, comprising:

a variable delay circuit section for receiving a
reference clock and delaying said reference
clock based on a predetermined delay preset
value to output as said predetermined timing;

a shift clock generator for generating a shift clock
having a phase difference equal to a phase dif-
ference preset value based on said delay preset
value from said reference clock; and

a comparing section for comparing said refer-
ence clock delayed by said variable delay circuit
section with a phase of said shift clock to regu-
late the value of delay in said variable delay cir-
cuit section based on the comparison result;
wherein said shift clock generator has:

a clock generating section for generating
said shift clock;

an insertion pulse generating section for
generating insertion pulses to be inserted
into said shift clock based on said phase
difference preset value;

a pulse inserting section for inserting said
insertion pulses into said shift clock gener-
ated by said clock generating section; and
a period control section for controlling, pe-
riod of said shift clock generated by said
clock generating section based on a differ-
ence between a sum of time during which
said reference clock presents a predeter-
mined logical value within a predetermined
time and a sum of time during which said
shift clock presents a predetermined logical
value within said predetermined time;
wherein
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10

said insertion pulse generating section
comprises:

a compensation memory for storing
compensation data for calculating a
number of insertion pulses to be insert-
ed into said shift clock with respect to
said phase difference preset value;

a number-of-pulses calculating section
for integrating said compensation data
stored in an address range of said com-
pensation memory to calculate
number-of-insertion pulses data based
on said phase difference preset value;
and

a pulse generating section for generat-
ing said insertion pulses based on said
number-of-insertion pulses data.

9. A test apparatus for testing an electronic device,

comprising:

a pattern generating section for generating a test
pattern for testing said electronic device;
atiming generator for generating predetermined
timing;

awaveform shaping section for shaping said test
pattern to feed said test pattern shaped based
on said predetermined timing to said electronic
device; and

a judging section for judging whether or not said
electronic device is defect-free based on an out-
put signal outputted from said electronic device
based on said test pattern; wherein

said timing generator comprises a variable delay
circuit section for receiving areference clock and
delaying said reference clock based on a pre-
determined delay preset value to output as said
predetermined timing;

a shift clock generator for generating a shift clock
having a phase difference equal to a phase dif-
ference preset value based on said delay preset
value to said reference clock; and

a comparing section for comparing said refer-
ence clock delayed by said variable delay circuit
section with a phase of said shift clock to regu-
late the value of delay in said variable delay cir-
cuit section based on the comparison result;
wherein said shift clock generator has:

a clock generating section for generating
said shift clock;

an insertion pulse generating section for
generating insertion pulses to be inserted
into said shift clock based on said phase
difference preset value;

a pulse inserting section for inserting said
insertion pulses into said shift clock gener-
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ated by said clock generating section; and
a period control section for controlling peri-
od of said shift clock generated by said clock
generating section based on a difference
between a sum of time during which said
reference clock presents a predetermined
logical value within a predetermined time
and a sum of time during which said shift
clock presents a predetermined logical val-
ue within said predetermined time; wherein
said insertion pulse generating section
comprises:

a compensation memory for storing
compensation data for calculating a
number of insertion pulses to be insert-
ed into said shift clock with respect to
said phase difference preset value;

a number-of-pulses calculating section
for integrating said compensation data
stored in an address range of said com-
pensation memory to calculate
number-of-insertion pulses data based
on said phase difference preset value;
and

a pulse generating section for generat-
ing said insertion pulses based on said
number-of-insertion pulses data.
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